Objectives: Malaria and oxidative stress are major health problems in the world in general. The goal of the study is to investigate the antimalarial and antioxidant activities of the methanol seed extract of Adenanthera pavonina linn (ADP) in Plasmodium berghei infected mice. Methods: Thirty five mice distributed into seven groups of five animals each were used in this study. Plasmodium berghei, was inoculated into Swiss albino mice intraperitoneally with an innoculum size of 1x10 7 on day zero (D0). The vehicle (1% DMSO), ADP (100, 200, 400, 600 and 800 mg/kg dose) or chloroquine (10 mg/kg) were thereafter administered from D0 -D3. At the end of the antimalarial studies, the blood samples from these animals were collected through cardiac puncture for biochemical assay. The effect of the ADP on the biomakers of oxidative stress was determined in infected mice. In addition in vitro antioxidant activities of ADP were assessed using the 1, 1-diphenyl-2-picrylhydrazyl (DPPH) based assay. Results: The percentage parasitemia decreased significantly in the parasitized treated group with the crude extract (p < 0.001) compared to the parasitized untreated control group. Also the crude extract, at a dose of 800 mg/kg exerted an antimalarial activity (92.11%) higher than that of chloroquine (88.73%). In the in vitro antioxidant studies, the extract had an IC 50 > 400 µg/ml which was significantly higher than the standard antioxidant drug, ascorbic acid (1C 50 = 1.20 µg/ml). In the case of biochemical and in vivo assay, there was no statistical significant difference (p >0.05) in plasma total protein, malondialdehyde (MDA) and hydrogen peroxide (H 2 O 2 ) levels in all the treated groups compared to the parasite control group but, there was a statistical significant decrease (p < 0.05) in glutathione (GSH) levels at doses of 400 and 800 mg/kg compared to the parasitized untreated control group. Conclusions: Methanol seed extract of Adenanthera pavonina demonstrated a significant antimalarial activity but did not exert any antioxidant effect over the parasitized treated mice.
INTRODUCTION
Malaria and oxidative stress are major health problems in the world in general. Malaria is a disease that is predominant in the tropics which is caused by protozoa of the genus plasmodium and transmitted from man to man by various species of the female mosquito. 1, 2 Recent reports suggest that generation of reactive oxygen species and associated oxidative stress play crucial role in the development of systemic complications in malaria. 3 Malarial infection decreases the levels of antioxidant enzymes and other antioxidants such as catalase, glutathione (GSH) peroxidase, super-oxide dismutase, albumin, glutathione, ascorbate and plasma tocopherol. 4 An antioxidant acts as a reducing agent that donates electrons to the free radicals. 5 They are capable of deactivating or stabilizing free radicals before Evaluation of antimalarial and antioxidant activities of the methanol seed extract of Adenanthera pavonina (Linn) in Plasmodium berghei infected mice they attack cells. Recent developments in biomedicals point to the involvement of free radicals in many diseases. 6 Free radicals attack the unsaturated fatty acids in the biomembranes resulting in membrane fluidity. 7 For these reasons antioxidants are of interest for the treatment of many kinds of cellular degeneration. 6 Adenanthera pavonina linn of the family Leguminosae and subfamily Momosoideae 8 , is a deciduous tree, 18-24 m tall, bole erect and it is 60 cm in diameter 9, 10 with pinnately compound leaves. Its common names are red sandal wood, coral bean tree, saga seed tree, red bead tree, rakta kambol, kokriki, olho-de-pavao and bois de condori, lopa. In the Carribean, the seeds are called circassian seeds. This deciduous tree has been widely naturalized in Malaysia, Western and Eastern Africa, tropical Asia, most Islands of both the Pacific and Carribean regions as well as in southern China and India. 8, 11 In terms of medicinal uses, various parts of this plant have also been known to be useful in traditional medicine for the treatment of asthma, boil, diarrhoea, gout, inflammations, rheumatism, tumors, ulcers and as a tonic. [12] [13] [14] [15] Previous phytochemical studies on this plant revealed the presence of robinetin, chalcone, tanins, flavonoids, terpenoids, saponins, alkaloids, steroids, butin and flavonal ampelopsin, stigmasterol glucosides, oleanolic acid, echinocystic acid, sapogenins and many other bioactive phytoconstituents. [16] [17] [18] [19] [20] [21] [22] [23] Reports have shown that Adenanthera pavonina leaf and seed extract as well as isolated constituents possess analgesic, anti-inflammatory, antibacterial, antifungal, antioxidant, cytotoxic and blood pressure reducing activities. 22, [24] [25] [26] [27] [28] Although, the antioxidant activity of the bark extracts of Adenanthera pavonina had been reported. 23 There has however been no documented report on the antimalarial and antioxidant activities of the seed extract of Adenanthera pavonina. Therefore, this study is primarily designed to determine the antimalarial and antioxidant activities of the seed extract of Adenanthera pavonina using in vitro and in vivo Plasmodium berghei infected mice model.
MATERIALS AND METHODS

Plant material
Adenanthera pavonina seeds were picked from the plant tree growing in the University of Ibadan Botanical garden and also from the University of Ibadan Staff Nursery and Primary School between 29th of August and 10th of November, 2011. The plant was identified at the Forestry Research Institute of Nigeria (FRIN), Jericho, Ibadan, Oyo State where a voucher specimen is preserved at the herbarium with a voucher number FHI 109007.
The fresh seeds of Adenanthera pavonina were cleaned and shade dried for about three weeks and blended with an electric blender to coarse powder. One thousand five hundred grams (1500 g) weight of the powdered sample was extracted with 3.2 litres of 98% methanol by cold maceration to obtain a crude methanolic extract. The crude methanol extract was concentrated with rotary evaporator and 38.4 g (2.56% yield) of black oily crude extract was obtained. Thereafter, the crude extract was refrigerated at a temperature of 4 0 C before use.
Experimental animals
Male albino mice weighing between 20-25 g were obtained from the animal house of University of Ibadan, Ibadan and kept at the animal facility of the Malaria Research Laboratory, IMRAT, under standard condition. Mice were kept in cages at room temperature, fed with standard mouse cubes (Caps Feeds Nigeria Limited) and provided with access to clean drinking water ad libtum.
Ethical consideration
Experimental procedures and protocols used in this study conform to the "Guide to the care and use of animals in research and teaching" (NIH publications number 85-93 revised in 1985).
Chemical and reagents
Methanol, ethanol, dimethyl sulphoxide (DMSO), phosphate buffer, normal saline, 1,1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid, sodium hydroxide (NaOH)(BDH, England), bovine serum albumin (BSA)(Sigma Chemical Co., USA), CuSO 4 
Acute toxicity test
The oral acute toxicity of the methanol extract was estimated in mice weighing 20-25 g by medium lethal dose described by. 29 Mice were adminstered orally with graded doses ranging from 250 to 8000 mg/kg. Negative control animals received 5% DMSO. Signs of toxicity and mortality in each group were observed for 24 h.
Antimalarial test in vivo
The antimalarial activity of the methanol extract of Adenanthera pavonina was evaluated using a modification of the 4-day suppressive tests in vivo. 30 Thirty-five male albino mice were randomly distributed into seven groups of five mice each. Each mouse was infected intraperitoneally 1 x 10 7 parasitized erythrocytes from an infected donor mouse. The day of infection was defined as day zero (D0), and subsequent days D1, D2, etc.
The infected mice were treated shortly after inoculation on day zero (D0) till day 2 or 3. Animals in groups 3-7 received graded doses of AP (100, 200, 400, 600 and 800 mg/kg) respectively. Groups 1 and 2 received chloroquine (10 mg/kg dose) and 1% DMS0 respectively and served as controls. Parasite count was estimated by microscopic examination of Giemsa-stained thin smears prepared from tail snips of experiemtal animal on day 4 till 7 postinfection. Percentage chemosuppression of each dose was then calculated using this formula. Chemosuppression of parasite growth = 100 -[(mean parasitemia treated/mean parasitemia control) x 100] 31 (Fidock et al., 2004 ). On day 7, after making the last thin blood film, all surviving animals from each group were sacrificed and their blood samples were obtained for biochemical analysis.
Free radical scavenging activity using diphenyl 1,2-picryl hydrazyl (DPPH)
The scavenging activity of the ADP was determined according to the method described by (Silva et al., 2007) 32 with some modifications. The assay is an ethanol based assay.
Free radical scavenging is one of the mechanisms involved in antioxidant action, a good antioxidant (AH) is able to scavenge the DPPH free radical and retain its own stability as shown in the equation below. 33 
DPPH
. + AH → DPPH-H + A Scavenging of DPPH free radical deterrnines the free radical scavenging capacity or the antioxidant potential of the test sample which shows its effectiveness, prevention, interception and repair mechanism against injury in a biological system. Serial drug dilutions of ADP and ascorbic acid ranging from 400 to 6.25 μg/ml and 40 to 0.63 μg/ml were prepared in a 96-well plate respectively. Ethanol solution of DPPH (0.04 mg/ml) was added to each well of the 96-well plate and incubated in the dark for 30 mins. A blank control was also included in the 96-well plate. The change in colour (from deep-violet to yellow) was measured at 517 nm with a molecular device (SPECTRAmax, Molecular Devices, USA). Optical density count (OD) values were expressed as the percentage of the control. Percentage scavenging ability of the plant extract or standard drug in respect to the negative control well was calculated by the following formula. The plant extract/drug concentrations were plotted against percentage scavenging ability of plant extract or standard drug. Fifty percent (50%) inhibitory concentration of plant extract/standard drug (IC 50 ) was determined using non linear regression.
The IC 50 of the sample was compared with the standard, ascorbic acid.
Procedure for markers of oxidative stress and antioxidant defence system Biochemical assays
The protein concentrations of the various samples were determined by means of the Biuret method as previously described 34 with some modifications. For the in vivo study, 1ml ofthe blood plasma fractions of the supernatant was added to 9 ml of distilled water to give a 1 in 10 dilutions for each of the samples. Three milliliter of Biuret reargent was added to 1 ml of diluted sample in the 35 test tubes. The mixtures in both cases were incubated at room temperature for 30 minutes after which the absorbance was read with a spectrophotometer at 540 nm using distilled water as blank. The protein content of the samples were usually calculated from the standard curve using bovine serum albumin (BSA).
Estimation of reduced glutathione (GSH)
The method of Beutler and colleagues 35 with some modifications were followed in estimating the level of reduced glutathione (GSH). One ml of the serum was deproteinated by the addition of 1 ml of 4% sulfosalicyclic acid. This was centrifuged at 4,000 rpm for 5 minutes. Thereafter, 0.5 ml of the supernatant was added to 4.5 ml of Ellman reagent. A blank was prepared with 0.5 ml of the diluted precipitating agent and 4.5 ml of Ellman reagent. Reduced glutathione, GSH, is proportional to the absorbance at 412 nm.
Hydrogen peroxide generation
Hydrogen peroxide was determined as described by Woff; 36 2.5 mls of phosphate buffer (PH 7.4) was added to 250 µl of ammonium ferrous sulphate (AFS), 100 µl of sorbitol, 100 µl of Xylenol orange, 25 µl of H 2 SO 4 , 50 µl of serum was vortexed and incubated at room temperature for a minimum of 30 mins. Absorbance was taken at 560 nm.
Lipid peroxidation
The malondialdehyde level was calculated according to the method of Farombi and colleagues. 37 Tris-KCl buffer, 1.6 ml was mixed with an aliquot of 0.4 ml of the serum sample to which 0.5 ml of 30% trichloroacetic acid (TCA) was added. Then 0. 
RESULTS
The methanol extract of Adenanthera pavonina exhibited an LD 50 greater than 8000 mg/kg having shown no mortality at all the doses tested.
There was a statistical significant (p < 0.001) and dose dependent antiplasmodial activity in mice infected with Plasmodium berghei (Table 1 ). The chemosuppression were 63.2%, 67.5%, 74.8%, 77.4%, 92.11% for 100, 200, 400, 600, 800 mg/kg doses respectively. The chemosuppression produced by the extract was significant (p < 0.001) when compared with the control. At the dose of 800 mg/kg, methanol seed extract of Adenanthera pavonina produced a chemosuppression of 92.11%, which was higher than that of chloroquine (88.73%) the reference drug, indicating a high antimalarial activity. However, on day 7 of post infection, the methanolic seed extract, showed recrudescence at all the tested doses but chloroquine being the standard drug still demonstrated 100% chemosuppression by day 7.
The in vitro antioxidant assay showed that the extract exerted a very low percentage inhibition of 57% at its highest concentration of 400 µg/ml which was not comparable to those of ascorbic acid with a percentage inhibition of 86% at its highest concentration of 40 µg/ml ( Table 2 ). The IC 50 value for the extract was found to be greater than 400 µg/ml (IC 50 > 400 µg/ml) while ascorbic acid had an IC 50 value of 1.20 µg/ml.
The in vivo antioxidant assay, showed a marginal increase in plasma total proteins in the parasitized treated groups with the methanolic seed extract at doses of 100, 200 and 800 mg/kg, and CQ (10 mg/kg) and an increase at 400 and 600 mg/kg compared to the parasitized untreated group, but did not show any statistical significant difference (p > 0.05) ( Table 3 ). There was a slight decrease in malondialdehyde levels in the parasitized treated groups with the methanolic seed extract at doses of 100, 200, 400, 800 mg/kg and CQ (10 mg/kg) and an increase at 600 mg/kg dose compared to the parasitized untreated group, but was not statistically significant (p > 0.05)( Table 3 ). There was also a marginal increase in hydrogen peroxide generation at doses of 600, 800 mg/kg, and CQ (10 mg/kg) and a marginal decrease at doses of 100, 200 and 400 mg/kg in the parasitized treated groups with the methanolic seed extractcompared to the parasitized untreated group, but was not statistically significant (p > 0.05)( Table 3 ). There was also a marginal increase in glutathione levels in the parasitized treated groups with the methanolic seed extract of Adenanthera pavonina at doses of 100, 200, 600 mg/kg, and CQ (10 mg/kg) compared to the parasitized untreated group, but was not statistically significant (p > 0.05). However, there was a statistical significant decrease in glutathione levels (p < 0.05) at doses of 400 and 800 mg/kg in the parasitized treated groups with the methanolic extract of Adenanthera pavonina compared to the parasitized untreated group (Table 3) . 
DISCUSSIONS
Based on Miller's recommendation, the extract was assumed to be safe. 29 Invariably, the experimental doses used were relatively safe.
Agents with activity against Plasmodium berghei are known to have antimalarial activity. 38 The methanolic extract of Adenanthera pavonina showed significant and dose dependent antiplasmodial activity (63.2% -92.11%) as shown in Table 1 , against Plasmodium berghei in mice at the doses of 100-800 mg/kg. However, on day 7, there was recrudescence of the malarial parasite in all the graded doses given to the experimental animals. This suggests that the methanolic seed extract of Adenanthera pavonina could be a short acting drug and that on further purification and characterization of its active components, could be suitable as a prophylaxis drug to suppress malarial parasite. The occurence of recrudescence in the experimental animals after treatment, could be as a result of clearance of the crude extract from the systemic circulation through the urinary tract after being metabolized by the liver enzymes. The extract clearance from the systemic circulation would lead to increase in the parasite biomass in the body of the animals and thereby causing reinvasion and destruction of the erythrocytes by the malarial parasite. Report from a study, demonstrated that recrudescent infections are associated with worsened haematological outcomes. Also, that recrudescent infections occur sooner after treatment, leading to an overall increase in the incidence of infections. 39 The methanolic seed extract of Adenanthera pavonina exhibited some degree of antimalarial activity, which may be attributed to its varying phytochemical constituents. These constituents may singly or in combination account for the pharmacological actions of the extract. Adenanthera pavonina had been reported to contain alkaloids, tannins, saponins and flavonoids, 22 steroids and terpenoid. 23 The presence of these secondary metabolites in Adenanthera pavonina, had been implicated in the antiplasmodial effects of some herbal medicines. 40, 41 Thus, the abundant presence of alkaloids and flavonoids in the methanolic extract of the plant, might have accounted for its high antimalarial activity. Although, the mechanism of action of this extract has not been elucidated; some plants are known to exert antiplasmodial activity either by causing red blood cell oxidation 42 or by inhibiting protein synthesis, 43 depending on their phytochemical constituents. The extract could have also, exerted its action through either of the two mechanisms mentioned above or by some other unknown mechanism. Thus, the mechanism of action still needs to be elucidated. Furthermore, the in vitro antioxidant capacity of the plant extract was evaluated in DPPH based assay which is an extensively used assay to detect antioxidant activity of plants. Its violet colour dissappears in the presence of substances which can donate a hydrogen depending on the antioxidant activity. 44 The in vitro study showed that the methanolic seed extract of Adenanthera pavonina is not a potent scavenger of DPPH free radical as shown in its IC 50 > 400 µg/ml. This value is far more in excess of the IC 50 of ascorbic acid that is 1.20 µg/ml, which was used as the reference drug. Similarly, a high value, IC 50 390.33 ± 2.78 µg/ml suggesting weak antioxidant activity, was reported for the bark extract of the plant when petroleum ether was used as the solvent for extraction. However, when ethyl acetate and methanol were used as solvents, high antioxidant activities (IC 50 value 8.72 ± 0.11 µg/ml and 6.44 ± 0.04 µg/ml respectively were obtained. 23 A study reported that the bark extract of the plant had an EC 50 of 58.68 µg/ml using petroleum ether, dichloromethane and ethanol 45 contrary to the earlier finding. leaves of Adenanthera pavonina and Thespesia populnea showed a very high antioxidant activity (7.24 ± 0.49 µg/ml). 46 The difference in the antioxidant activity observed in this study and the previous study may be as a result of many factors such as season, age, intraspecies variation, soil, climate, methods used for extraction, and bioassay. 47 Several studies have shown that the levels of total proteins in plasma decreases after infection with P. falciparum. Proposed reasons included the fact that the concentration of plasma proteins determine the colloid osmotic pressure of plasma and that this is influenced by the nutritional status, hepatic and renal function. 48, 49 Furthermore, malaria has an effect on all these functions an this results in decreased plasma total proteins. 50 It is also well known that hepatic protein synthesis shifts during inflammation from albumin synthesis to the synthesis of proteins involved in the acute inflammatory response such as c-reactive proteins, coagulation factors, fibrinogen. 51 In the present study, there was no statistical significant difference in total plasma proteins in the parasitized treated groups with the methanolic seed extract of Adenanthera pavonina compared to the parasitized untreated group. This indicates that the extract is neither boosting the antioxidant defence system nor is it depleting it. This suggests that the extract may not have an antioxidant activity and so may be inducing stress in the animal and so supports the result from the in vitro studies. Increase in hydrogen peroxide generation has been known to mediate its effect through the formation of hydroxyl radical (OH . ) which is a potent activator of lipid peroxidation. 52 These hydroxyl radical rapidly reacts at first encounter with lipids, proteins and DNA, often causing molecular and cellular damage. 53, 54 The in vivo study shows no statistical significant difference in hydrogen peroxide generation in parasitized treated groups with the methanolic seed extract compared to the parasitized untreatedgroup. Although, one may not be able to account for the observed decrease in hydrogen peroxide generation in the parasitized untreated group compared to the marginal increase in H 2 O 2 generation, observed in the parasitized treated groups with the methanolic seed extract at doses 200, 400, 600 and 800 mg/kg and then a decrease in H 2 O 2 generation at the dose of 100 mg kg; but may associate this inconsistency in activity of the methanolic seed extract, to the result of the in vitro study that shows that it has no antioxidant effect. Hence, further studies may still explain this findings. Increase in malondialdehyde (MDA) levels is an indication of lipid peroxidation, hence, oxidative stress. Malondialdehyde which has been used in various biochemical assay to monitor the extent of peroxidative damage in cells, showed no statistical significant difference (p > 0.05) in the parasitized treated groups compared to the parasitized untreated group. Hence, the marginal decrease in MDA levels observed at doses 100, 200, 400 and 800 mg/kg may not be associated with the effect of the extract but may be as a result of host way of adapting to the stressed condition. Contrary to this, at dose 200 mg/kg, there was an increase in MDA levels, although statistically not significant; may still suggest that the extract may not possess some antioxidant activity. Glutathione (GSH) is an excellent and potent endogenous antioxidant, which by scavenging various types of reactive radicals protects the cell from oxidative insults. 55 On encounter with reactive radicals, GSH stores may be depleted, leaving the cells with compromised antioxidant defense system against 'oxidant-induced injury'. In the present study, there was a statistical and significant decrease (p < 0.05) in glutathione levels in the parasitized treated groups at doses 400 and 800mg/kg compared to the parasitized untreated group. This indicates that the animal may be under stress since glutathione levels are been significantly depleted. Therefore, the extract may actually be inducing stress in the animal. The marginal increase at doses of 100, 200 and 600 mg/kg was not statistically significant.
CONCLUSION
Adenanthera pavonina while exhibiting antimalarial activity may not possess significant antioxidant property.
